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participants have problems with calculation of nueesient uncertainty and
best measurement capability. Laboratories assess twn abilities too

optimistically and do not observe requirements onterhational

recommendation.

4. During calibration process in the pilot laborgtove have discovered
that mass comparator is highly susceptible to powgoply disturbances.
Changes in voltage during calibration have inflesh&BBA circle results and
therefore measurements failed. When voltage wasatively stable
measurements were successful (“ok” in calibratingtqgrol). Quality of
electrical power supply could be checked using lergdigital multimeter in
alternating current measurement mode. This problas discovered during
experiment and was not described in “Sartorius"udoents. This problem may
be eliminated by improvement of power supply. Fotaraple, double
conversion UPS (uninterruptible power supply) can ibstalled. It could
reduce time needed for every measurement and therigfcrease productivity
of the laboratory.

5. Given method of mutual comparison gives new dppiiies to discover
not only errors of leading laboratories but alse esgors of laboratories that can not
participate in mutual comparison of world laborger This method allows
discovery of errors of participating laboratoriésttcould remain unnoticed and
therefore disturb both economy of the country anedioine and pharmacy
industries. This paper gives opportunity to improrass measurement system
in Latvia.
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standard of mass) — it is possible that partiaigakaboratories had problems with
power supply as it can significantly influence sigbof measurements.

3. Component C is also mentioned in measurement function that
observes influence of aerostatic forces on measmeprocess. It is possible
that air density and density of the weight matetthot correspond to requirements
of international recommendation OIML R111.

4. Fourth componerAmd - error of measurement equipment. Error of
measurement equipment is influenced by magnetae$oreccentricity and other
noises. For example, during measurement processfarbidden to use mobile
phones that can influence measurement process.

CONCLUSIONS

Following conclusions can be done:

1. For the first time in Latvia interlaboratory cparison was done in the
field of mass measurement. Interlaboratory compasgswere done between
five accredited laboratories of Latvia includindppilaboratory (State agency of
metrology and accreditation).

2. Interlaboratory comparison method was developed this method
differs from existing ones. This method gives opwoity to conduct
interlaboratory measurements not only in the fieldnass measurements but
also in other fields of metrology. This method basts to laboratories that are
not leading in the world. Using this method, laliores have possibility to
evaluate not only participating laboratories bgbaheir own abilities.

3. Following interlaboratory measurement resultseweceived:

a) Laboratory ,A” calculated very low measurement utaiaty for
nominal mass values of 50 g and 1 kg, that geretratecceptable
value ofE,. There are technical problems with nominal of 2 &s
increase of uncertainty up to permissible limit3(f¥om permissible
error) can not decrea$s to acceptable level. The best measurement
capability for nominal values of 500 g, 1 kg and R® was not
determined correctly.

b) Laboratory ,B” has best measurement capabilityrfominal of 20 kg
that does not correspond to accuracy class fronreditation
certificate.

c) Laboratory ,C” results in general do not correspaadhe accuracy
class from accreditation certificate.

d) Laboratory ,D” incorrectly determined best measueaincapability
for all nominal values.

Results of participating laboratories generally da@ regarded as
satisfactory from technical point of vievg{ coefficient). However, almost all
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THESIS OUTLINE
Significance of research

Topic of this thesis corresponds to one of the nudijectives of State
Agency of metrology and accreditation of Latvia (MA): project of
interlaboratory comparison. Participation in thigjpct is necessary according
to law of Latvia “On the Assurance of Measuremenifarmity”. Participation
in such project is required for accredited measergnaboratories in order to
validate competency and ensure quality by Europgandard EN ISO/IEC
17025:2005 ,General requirements for the competeiofytesting and
calibration laboratories”.

The experience acquired in such interlaboratory pamsons can be
useful also in other engineering metrology studies.

Goals and objectives of the paper

The goal of this paper is to develop a methodwmatld help controlling
institutions to inspect the ability of accreditedbdratories of mass measurement
to conduct precise measurements. This can be dgpreoinparing results of
pilot laboratory (MAVA) with results of participatg laboratories.

The topic of this thesis is related to the orgamiraof interlaboratory
comparison in the area of mass measurement. Thisdtabeen done in Latvia
yet.

Therefore following objectives have to be solvedtliis promotion
paper:

1) Analysis of equipment for high precision massaswement and

analysis of weighting methods;

2) Development of mathematical model for mass nmeasent and

determination of measurement uncertainty;

3) Development of scheme for interlaboratory corigoe;

4) Development of method that determines referenedue and

measurement uncertainty;

5) Selection of data analysis method,;

6) Practical application of developed method of imtbdratory

comparison.



Research method

Following research methods were used in this paper:

1) Determination of measurement uncertainty accordiogJCGM
104:2009 guidelines;

2) ,Scales Net 32" software was used for initial prsiag of
laboratory results;

3) Statistical methods, probability theory and eramalysis.

Scientific novelty and main results of the research

For the first time in Latvia an interlaboratory coamison among
accredited laboratories of mass measurement watucted. Laboratories that
provide services of weights and scales calibrasind verification participated
in comparison.

A method with star-shaped scheme for interlaboyatmmparison was
developed in this paper. This method can also kel der interlaboratory
comparisons in other fields. The advantage ofrfeshod is the ability to detect
changes in mass of the standard of mass betweénigating laboratories. A
mathematical model to determine mass measuremegertamty was
developed.

Comparison operations are very important for trbdiéa of the value of
mass measurement and to comply with internatiotaaidsirds. Both precision
and validity of laboratory results were estimatedriny research. It was
discovered that some participants of the interlatwsy comparison should
improve accuracy and validity of their mass measiar@s.

Practical application

The result of the research may be used to imprbgegtiality of mass
measurements in laboratories of Latvia. That camldance competitiveness of
laboratories and affirm Latvia positions in Europeaetrology. Method for
estimating reference value and comparison of diffetaboratories’ results can
be used for conducting interlaboratory comparisorather countries.

With little changes, this method can be used fateriaboratory
comparisons also in other areas of physical valeasurements.

Table 3

Comparison of actual uncertainty and best measurement
Laboratory "B"
ace

Laboratory "A" Laboratory "C" Laboratory "D"
accl ss M, acer. for acer. for class F,

Nominal | G Con BAC r“;"::)’ | Convent Conventional e s:‘(;v L
mass U (%) mass U (%)
100 mg 0,012 mg 18,8 0,001 mg 10,6 0,013 mg not acer. 0,0097 mg not acer.
1g 0,007 mg 14,8 0,001 mg 12,1 -0,03 mg 1114 0,002 mg 104,0
50g 0,033 mg 16,8 -0,060 mg 21,0 -0,16 mg 111,0 -0,073 mg 1138
100g 0,011 mg 23,2 0,034 mg 10,0 0,01 mg 118,5 0,055 mg 127,8
500g 1,090 mg 121,8 0,303 mg 9.8 0.2 mg 109,3 0,449 mg 1090,9
1kg 3,184 mg 123,7 0,385 mg 10,0 -1,0 mg 108,2 -1,0 mg not accr.
20 kg 339,73 mg 130,1 -16 mg 14,9 9,51 mg 142,3 49 mg not accr.

From table 3 it is possible to conclude that latmoya‘’A” for nominal mass
values 500 g, 1 kg, 20 kg; laboratories “C” and ‘ot almost all nominal mass
values have big uncertainty regarding best weightiethod. Laboratories have to
pay attention to determine the best weighting ntetho

Table 4 displays problematic results of participgataboratories.

Table 4
Results analysis

(“+"-satisfactory result, “—"-non-satisfactory rdgu

Laboratory ,A” | Laboratory ,B" |Laboratory ,C” Llabora tory D"
Uncer- E Uncer- E Uncer- E Uncer-
tainty n tainty n tainty n tainty

Nomina
Imass | E,

100mg, | *) D] B ®O & ||

lg Bl &) Bl Bl ®H 6 B 6

509 B ) D1 H H] 6 [ ®H] 6
100g (| () D] B H 6 B 6
500g (M) () Bl ®H B 6 ®H] 6
1 kg () () Bl H H] 6 EH] e
20kg | () ) (G I G B I ®H1 e

After conducting data analysis possible reasons didferences in
participating laboratories results are describedchapter 4. Differences in
laboratories' measurements can be assessed usiagurement function of

conventional mass (Fig.5), wh My =M, + Al +C+AM, A of these

components can influence measurement results. i known that Mk - is
conditional mass of the standard of mass.

1. Every participating laboratory used its own dtads of mass for
interlaboratory measurements. It is possible thahdards ofmass had big
uncertainty. We can not exclude that external enwirent conditions of
participating laboratories (temperature, relativentdity of air and others) did not
correspond to requirements of international reconaagon.

2. Regarding second comp0n1A| (differences between test weight and
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4.7. Analysis of the expanded uncertainty and besteasurement capability
in participating laboratories

Now it is necessary to evaluate expanded unceytaint every
laboratory. In order to evaluate uncertainty it mecessary to apply
recommendation OIML R111 which allows to calculaiewed uncertainty for
every weight depending on accuracy class. Alloweckttainty is equal to one

. 1 . .
third of allowed erroU ., = —& . Uncertainty can be calculated in percents
-3

for every laboratory and compared to allowed urdety (Table 2). If we
assume that allowed uncertainty is 100% then we aaoulate how many
percents of uncertainty was obtained in every latooy. For instance
laboratory “A” determined uncertainty was 0.032 fog 100 mg weight, but
allowed uncertainty is 0.166 mg (1/3 from negligitdrror 0.5 mg). If allowed
uncertainty 0.166 mg is 100% than relative unceftyai is

100*0.032/0.166=19.2%. Relative uncertainty can dadculated for other
laboratories in the same way.

Table 2
C ison of actual and permissible uncertainty according to international r ion OIML R111
(R Laboratory "A" Laboratory "B" Laboratory "C" Laboratory "D"
acer. for class M, acer. for class F, acer. for class F, acer. for class F,
Calibration results Calibration results Calibration results Calibration results
Nominal | Conventionat | <t SRAPE | Comentonat | nee BRI | Comentiona | hC BB | Comemona | he b RS
- ey ey ey ey
100 mg 0,012 mg 19,2 0,001 mg 10,2 3n 852,0 0,0097 mg 156,0
1g 0,007 mg 93 0,001 mg 12,0 486,0 0,002 mg 78,0
50g 0,033 mg 42 -0,060 mg 21,0 222,0 0,073 mg 33,0
100g 0011 mg 35 0,034 mg 9.6 184,8 0,055 mg 27,6
500g 1,090 mg 19,0 0,303 mg 9,7 20,2 mg 550,9 0,449 mg 144
1kg 3,184 mg 12,6 -0,385 mg 9,6 -1.0 mg 298,6 -1,0 mg 13800,0
20 kg 339,73 mg 355 -16 mg 4,7 9,51 mg 175,5 49 mg 690,0

It is possible to conclude from table 2 that labmias “C” and “D” have
large uncertainty that is not allowed.

Next, it is necessary to assess best measurenmttilitaes of participating
laboratories that can be found in accreditationudwmnts. Then it is possible to
calculate in percents how big the uncertainty iargvaboratory is by comparing
with best measurement capabilities of participathgratories (table 3).
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In this paper author defends:

1) Developed method of interlaboratory mass measuremen
2) Practical application of the method:
a) reference value and measurement  uncertainty
determination for weights of nominal mass: 100 dxg,50
g, 100 g, 500q, 1 kg, 20 kg, using mass comparator;
b) evaluation of measurements results.
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4.6.2. Analytical evaluation of participating labomatories measurement
results

To validate conclusions that are received from lgjcgp also normalized

deviation En is used of measurement comparison that is defised

e oo (m-mp)
TJurm) +u(my,) (12
where En,i - normalized deviation afth laboratory.

U (m )- expanded uncertainty that is assigned ta-thdaboratory and its
result M
M’pL - conventional mass in the pilot laboratory,

U(m'p ). expanded uncertainty of conventional mass thatbtigined in
the pilot laboratory.

< 1. Therefore we can

For successful accreditation laboratory ni‘En,i

calculate normalized deviatic En for every laboratory:
o |If ‘En,i

o f ‘En,i > 1, result is not satisfactory.

As an analytical example we can view chess-typesmreanent results of
the participating laboratory for the standard osmaf 1 kg (table 1). Here we
can see that laboratory “A” result significantlyffdis from pilot laboratory
results.

= 1, result is satisfactory.

Table 1
Calculation ofE, numbers (1 kg
LAB; PL A B C D
PL - 1,64 -0,22 -0,14| 0,00
A -1,64 - -1,69 -0,77| -0,02
B 0,22 1,69 - -0,12| 0,00
C 0,14 0,77 0,12 - 0,00
D 0,00 0,02 0,00 0,00 -
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4.6. Data evaluation by comparing results of pilotaboratory with
participating laboratories

4.6.1. Graphical evaluation of participating laboraories measurements
results

Results from all laboratories including pilot labtory “PL” can be
gathered and displayed graphically or in the tafdle.thex axis laboratories
including pilot laboratory are shown. Point on theaph ¢ axis) denotes

obtained value of the conventional maAm) in all laboratories including
pilot laboratory. Vertical liney axis) denotes obtained value of the expanded

uncertainty of the conventional mU (m) .

As an example we can see graph of the measureemiits of standard
of mass of 1 kg in the participating laboratorieg( 8). On Figure 8 we can see
that results of laboratory “A” tip out from piloaboratory results, laboratories
“C" and “D” have too big measurement uncertainigttis not allowed.

1 kg (F 1 precison class)

5,6000
5,2000 T
4,8000
4,4000
4,0000
3,6000
3,2000 &
2,8000
2,4000
2,0000
1,6000
1,2000 1
0,8000
0,4000
0,0000
-0,4000 -0,308 ¥ -0,385
-0,8000

PL A B C D

w
H
I

m,u U(my), mg

Fig. 8. Calibration results of the standard of n@fsk kg in participating
laboratories
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THESIS SUMMARY
Main terms

Following terms are used in this paper:

1) Calibration — set of operations that establish, under spekifie
conditions, the relationship between values of tjtias indicated by
a measuring instrument or measuring system, oregatapresented
by a material measure or a reference material ten@orresponding
values realized by standards.

2) Conventional mass — conventional value of the result of weighting in
air, in accordance with OIML D 28 “Conventional walof the result
of weighing in air”. For a weight taken at a refee temperature

(trer ) of 20 °C, the conventional mass is the mass of a reference
weight of a densitz(pref ) = 8000 kg/m which it balances in air of

a reference densi'_(po) = 1.2 kg/m.

3) Measurement uncertainty — component of measurement results that
indicates value range that includes true value.

4) Reference value — value obtained by the pilot laboratory that is
considered to be the closest to the true valuejegabbtained in
participating laboratories are compared to theregfee value.

5) Pilot laboratory (Reference laboratory) — laboratory that conducts
interlaboratory measurement comparison and defefesence value
of measured unit.

6) Participating laboratories — participants of interlaboratory
comparison.

Introduction

Main concepts of interlaboratory measurement rgstdtmparison are
reviewed and importance of the topic is affirmedhe introduction. General
objectives that have to be solved in interlabosatmeasurement comparison
process are described. Latvian accredited labdeatof mass measurement and
their facilities are reviewed.



Chapter 1 ANALYSIS OF EXSISTING RESULTS OF MASS
STANDARD INTERLABORATORY COMPARISONS

Review of previous work in this field has been madso, existing
standards and recommendations has been reviewed:

1) Latvian law ,On measurement uniformity” of 27.02919

2) European standard ISO/IEC 17025:2005 ,General ctenpg

requirements for testing and calibrating labor&tss;

3) ISO/IEC Guide 43 ,Proficiency testing by interlabtory

comparisons”. This document consists of two parts:

Part 1: Development and operation of proficiensyitey schemes;

Part 2: Selection and use of proficiency testingestes by laboratory
accreditation bodies.

Main formal requirements are described in this doent including all
steps of interlaboratory measurements: developwietite scheme, selection of
methods, selection of personnel, selection of sasngio be measured,
transportation of the sample, processing of thaltgsreports etc. Attention is
also paid to topics like confidentiality of resulend counterfeiting of
measurement results.

Goals and objectives of metrology institutions als® reviewed. One of
the main objectives is organization and particgratiin interlaboratory
comparisons.

According to these objectives it is clear that thégper corresponds to
main operational directions of metrology instituiso

Foreign interlaboratory comparisons that were cotetl in Mexico,
Sweden and United Kingdom were reviewed.

Conducted literature analysis shows that previoosytioned countries'
researches can not be used in Latvia without ctorec Therefore following
objectives are highlighted in this thesis:

1) Analysis of weighting methods and analysis of emépt for high

precision mass measurement;

2) Development of mathematical model for mass measemérand

measurement uncertainty;

3) Development of interlaboratory comparison scheme;

4) Development of the method for reference value amdhsurement

uncertainty determination;

5) Selection of data analysis method;

6) Practical application of developed interlaboratocpmparison

method.
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, , no(Am', —-Am',, )?
where S’ (AM'p, ) = \/Z PL'n 1 - _ standard deviation.
i=1 -

Type “B” component of the standard uncertainty:

» Standard uncertainty of the reference standardasfs;u(mcr)
It is calculated by dividing expanded uncertaintiscorresponding
certificate of calibrationlJ, by coverage factdk (usuallyk=2). As a result we
get standard uncertainty that is combined with tagdgy that is related to

instability of reference weigUYd (mcr). In order to guarantee accuracy of the
results lets take the largest standard uncertaiintiye standard of ma&$ from
several reference weights and its largest instgb{tirift) uncertainty of the
reference weight:

-
u'(m,) = \/ (%)2 +U%g (M) o (8)

» Uncertainty of the aerostatic force influendU’s is calculated in the
following way:

0, =(m, 22 g ) ©
prpt

where O, , O, - density of reference and test weights,

Pa - air density

* Uncertainty of the scales or mass comparator — lmartaken from
previous calibration certificate

» Combined standard uncertainty for standard of mass:

U (AT ) = UG (AT ) +UP (M, ) Fug+Us, (o)

» Expanded uncertainty of the conventional mass @fstandard of mass,
U(m’ey),:
U(m'p ) = klug (M) (12)

Note: general formulas are defined in the Inteomeat
Recommendation OIML R111.

Conventional mass for other standards of masslésileéed in the same
way taking into consideration measurement uncegtain
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4.5. Determination of reference value of the standd of mass in the pilot
laboratory

4.5.1. Determination of conventional mass of theatdard of mass

Let’'s assume that obtained results of calibrati@reormally distributed.
If we use validity confidence level 99%, filtratiman be done according to the
following formula:
S(Am S(Am
(AmPL -t, M, Am, +t, M
2 2

« = Jn @

n
where AMp = Hz AMg; . average value of the conventional mass,
=
n - number of calibration results (set size),

S(AmPL ) - standard deviation of the set,

t
% - value of Student distribution withn-1 degrees of freedom that
splits off area from Student distribution denditgiction:

n(Am,, —Am,, )2
S(AmPLi ) - \/Z ( PLIn - 1 PL) (5)
i=1

Let's choose conventional mass data that are intide confidence

interval. From these filtered results we can catlconventional mass as
arithmetic mean:

1 1 x 1
Am'y = HZ Am'y, (6)

i=1

4.5.2. Determination of the expanded uncertainty athe conventional mass
of the standard of mass

If we use measurement uncertainty scheme (matheahatiodel) from
Fig. 5, we can evaluate expanded uncertainty of ¢dbeventional mass.
Expanded uncertainty is calculated using non-&itleresults of calibration.
Type “A” component of the standard uncertainty:
« Standard uncertainty of the weighting process:

s'(Am'p, )

Jn (7)

u,(Am'y )=
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Chapter 2 HIGH PRECISION MASS STANDARDS AND
MEASUREMENT EQUIPMENT

Interlaboratory comparisons in the field of massasuwement are
conducted using high accuracy mass measuremergreent — weights, scales
and mass comparators.

Portable artifacts (standards of mass) are destribethe field of mass
measurement, weights of accuracy classe&E F;, F,, My, M1, M, and M3
are used (Fig. 1).

International standard (BIPM, Paris, France)
The copy of international standard

National standard

100 mg é
Are bei d 1
i;emiilr;?olj’::t < é } Metrology, chemical labs etc.
2
19,50¢g, 100 g, *
500 g, 1 kg, (20 kg) F1
* Chemistry, physics, production etc.
fz
Mw
li/l2 Trade, production etc.
M

W

Fig. 1. Weight accuracy classes

E; accuracy class weights are meant to ensure triditgadmong
national standards of mass that have their madsaéned from International
kilogram prototype (fig. 2) and for,Eand lower accuracy class weights.

E, accuracy class weights are meant fqr d€curacy class weights
verification or calibration and for use with spéd@ accuracy class scales,
chemical analysis, accurate weighting in scienckeargineering.

F, accuracy class weights are meant fgr d€curacy class weights
verification and calibration and for use with spé¢_L > and high(_II D
accuracy class scales, chemical analysis, accuaighting in science and
engineering.

F, accuracy class weights are meant for and possibly M accuracy
class weights verification or calibration and faeuvith highC_II > accuracy
class scales, technical analysis of advanced angunaighting in science and
engineering, weighting of precious metals and genest.
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M, accuracy class weights are meant fos &tcuracy class weights

verification or calibration, for use with mediu(_TII accuracy class scales,
technical analysis of normal accuracy, weightingmgineering and medicine.

M, accuracy class weights are meant fog &tcuracy class weights
verification or calibration, for use in normal corroial operations and with
medium(_1I1 accuracy class scales.

M; accuracy class weights are meant for use with abf 1)
accuracy class scales.

M., and M. accuracy class weights are low accuracy weights wi
nominal mass from 50 kg till 5000 kg that are mefamtuse with medium

(111 ) accuracy scales.

Fig.2. International kilogram prototype

In interlaboratory comparison;Eaccuracy class standards of nominal
mass 100 mg and, flaccuracy class standards of nominal mass 1 g, 500yg,
1 kg (20 kg) are used.

Fig. 3. Typical set of Faccuracy class weights

Weights must have no sharp corners and sides ierota avoid
possibility of damages, there should not be anyiigg@nt cavities so that no
residue (dust for example) forms on the surfackhefweights. Weights that are
lighter than 1 g must be manufactured from polyd@tates or wires and their
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4.4. Assessing results of mass measurement in pilaboratory

In order to evaluate stability of the standardsnaks before giving them
to participating laboratories weights are calibdatetimes and 2 times after
receiving them from participating laboratories.drder to compare results of
participating laboratories pilot laboratory hasdietermine reference values of
the standards of mass — conventional mass withunement uncertainty. Then
pilot laboratory sends standards of mass to ppétiirig laboratories according
to weights turnover scheme.

After last calibration these measurements can Ipéctdel as graph or
displayed as a table. As an example we can se#sreducalibration of the
weight 100 mg (Fig. 7)

100 mg (E 1 - the highest precision class)
0,00100
L 3 *
0,00050 *
-
o IR R G G LR
% 0,00000 e ¢ *
E > >
g -0,00050
S
=
£ -0,00100 - .
8 . o o
.
00050 +—+—"F—F+—F+—++—+—F+—F+FF
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1P
-0,00200
Measurements

Confidence level 99%
Fig. 7. Results of conventional mass calibrationg$ltration

Let's assume that some results are incorrect. €asan of error can be
low-quality power supply, air flows, shaking of tfmundation of the building
where mass comparators are situated but main dgahé @ilot laboratory is to
determine reference value that would be closet$tedrue value.
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measurement equipment (weights, scales, mass catopgr and their own
premises for measurements and applied certifiedbrating procedures
(methods).

4.2. Rules of interlaboratory measurement comparisa

Pilot laboratory has to observe formal requiremémtegard of scheme
development, choosing method, personnel seleattomgsing research sample,
transportation of the sample, processing of resAltention has also to be paid
to confidentiality and results forgery.

4.3. The choice of the interlaboratory measuremerdomparison scheme
depending on number of participating laboratories ad their geographical
location.

The most regular schemes of weights turnover arg-type and star-
type schemes. As number of participants is smdt paboratory used star-
type turnover scheme (Fig. 6) to inspect mass ef wieights after every

participating laboratory.
.04,2009
15.04.2009

Participant D

0O

Coordinator (PL)

02.03.2009

Participant A

06.03.2009

03.04.2009

20.03.2009 o
Participant B Participant C

Fig. 6. Standards of mass turnover scheme

Laboratories ,A"”, ,B”", ,C" and ,D” participated ininterlaboratory
measurement comparison. Laboratories agreed to lagevechedule of
participation. In the end of the turnover the plldioratory repeatedly calibrates
standards of mass and analyses all results takirtg tonsideration
measurement uncertainties reported by participddibgratories.
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form should be adjusted to the most convenient Bseticular form denotes
nominal mass of the weight. Under normal use caombt surface of the

weights should be in such condition that ensuras ¢hanges in the mass of
weights are insignificant compared to the givers€laf accuracy and maximal
acceptable error. It can be ensured by using apptepsurface protection

method. Surface of the weights is examined visually

Attention is also paid to conditions of weightirgccuracy of weighting
depends not only on weights accuracy, scales arasumement methods but
also on environmental conditions.

Weighting premises should be placed not higher tgaund floor
on the north side of the building and far from buegds. Premises should
be dry and light. Laboratory premises for weightowd include two
rooms: preparation and weighting rooms. In the prapon room weights
are unpacked, their surface is checked then weigiies cleaned and
prepared for measurement.

Weighting room should have special foundation that not
connected to the floor. Marble plates should cdeeindation. Size of the
plates can be different depending on the size ef dbales that will be
placed on them. Plates for scales can be manukdtatso from other
materials that ensure even and smooth surface andot deform under
the weight of the scales.

There should be no sinks, water pipes, heating astewater pipes
in the premises. Ventilation channels and air ctiaders should be
placed so that no convection flows are created. sGom presence of
employees in this premise is not advisable theeefoumber of working
places should be minimal. There should be additiomguipment for
measurements of atmosphere pressure, humidity, éeatyre. According
to OIML R1llconditions of external environment dcgi calibration
process are highlighted in this paper. The tempeeatange for Eand &
accuracy class weights is from 4@ till 27 °C, humidity range is from 40% till
60%.

Nowadays mechanical scales are replaced with elgctrones. The
main principle of electronic scales operation ignsformation of force of
gravity into electrical signal. Parameters of thgnal (current, voltage or
frequency) are measured with common electrical odghand they are recast
into mass units. Measured value can be displayetth@iscales screen or it can
be sent for further processing to the computer. ddeer, many electronic
scales have additional functions for processingnesured values: summing,
counting of measurements, price calculation, resadimparison etc.

Mass comparators are special high accuracy schédsate meant for
mass determination using comparison method. Mastheftest sample is
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compared with standard of mass. In order to dtaitdard of mass (A) and test
weight (B) are weighted several times in serieserfthat, a conditional mass is
calculated.

Mass comparators use sensor with electromagnetipensation that
ensures high accuracy of measurements. Construcfioiie comparator is
possibly massive and rigid. Comparators are dividemlautomatic and manual.
Automatic comparators have special mechanism fiftirgh weights A and B
during measurement circles (“carousel”). Manual parators do not have such
mechanism and operator has to switch weights mndating measurement
process. Automatic comparators are more accura® thanual ones as
automatic are less influenced by inaccuracy of afjperactivities and his
movements in the proximity of comparator. Moreowarfomatic comparators
have delayed weighting function that allows condueaisurements at the night
when vibration of building and fluctuation of vali@ are minimal. The most
accurate comparators are equipped with vacuum eamibere measurements
are conducted. Therefore influence of the air isleded from measurements
results.

Comparators are high accuracy scales with a vegly hésolution (tens
millions of discreet units). Such scales can measnass difference between
two objects more accurate than the mass of thgsetebMoreover, if the mass
of one object is already known it is possible técalate the mass of second
object by adding to known mass the difference o§sea. Here is a simplified
example. Let's assume that mass of two weights 8 B) measured by
comparator is 975 and 977 mg. It is known that eteumass of the weight A
is 1001 mg. Now we can easily calculate accuratssnaf the weight B:
1001+(977-975)=1003 mg.

1.0000123 g

Fig. 4. Functional scheme of mass comparator
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Chapter 4 INTERLABORATORY COMPARISON METHOD

Interlaboratory comparison method is describedhapter 4. Based on
previous projects on interlaboratory comparison ethmd with a star-type
scheme was developed for mass measurement.

Interlaboratory measurement comparison is assessoferesults data
between pilot laboratory and participating laborg® Pilot laboratory
(MAVA) for the first time in Latvia organized compsons between accredited
laboratories of Latvia. The aim of interlaboratomgasurement comparison is to
assess competency of accredited laboratories ordtdries that soon will be
accredited in Latvia, assess their facilities inighies calibration in order to
ensure quality of the service and validity of theults.

Interlaboratory measurement method development tmasinclude
following stages:

1.Choosing measurement object and specifying assigtsnier

participating laboratories.

2.Rules of interlaboratory measurement comparison.

3.The choice of the interlaboratory measurement commpa scheme

depending on number of participating laboratoried their
geographical location.

4. Assessing results of mass measurement in pilotdadmy.

5.Determination of reference value of the standamhags in the pilot

laboratory:
a) Determination of conventional mass of the standémass.
b) Determination of the expanded uncertainty of the
conventional mass of the standard of mass.
6.Data evaluation by comparing results of pilot latory with
participating laboratories:
a) Graphical evaluation of participating laboratories
measurements results.
b) Analytical evaluation of participating laboratories
measurement results.

7.Analysis of the expanded uncertainty and best measent capability

in participating laboratories.

4.1. Choosing measurement object and specifying &gsments for
participating laboratories

A set of standards of mass (weights) is chosenetahe object of
measurements. Pilot laboratory gave assignmepdrtiicipating laboratories to
determine conditional mass of the weights takingo inconsideration
measurement uncertainty. Participating laboratoriased their own
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Fig. 5 Scheme of conventional mass measurementtairdg

During high accuracy measurements not one measuteémenade and
not even two measurements. Instead, several cgtlegasurements are made.
Regular measurement cycle is “ABBA” where A is stard weight, and B is
test weight or object. First cycle is “empty”, aitsl results are discarded. After
that, several working cycles are performed. Meamerd¢ process (several
cycles) can last quite long (half an hour or lopger

Results of ABBA cycles must be checked. For instamesults of any
single cycle should not differ too much from eadheo and from previous
comparator calibration results. Otherwise resulthis measurement (results of
several measurement cycles) are discarded. If meEmsumt cycles results have
passed examination, then they are averaged andaseegrections are made
(air density, comparator adjustment results etb@sé computations are made
by computer that is connected to comparator.

Comparators are mainly used when highest accuratymass
measurements is needed. This includes nationalir#edhational metrology
laboratories and some enterprises. Price of higliracy comparators is very
high — several tens thousands of euros. Therewarentain manufacturers of
comparators - “Sartorius” (Germany) and “Mettledddn” (Switzerland).

Let's compare metrological specifications of typic&artorius
comparator and Sartorius analytical scales. SagatiC310 mass comparator
has measurement range till 200 g, discretion i4& @@ and standard deviation
is 0.01 mg. It allows calibration of weights of Ehighest) accuracy class.
Professional analytical scales Sartorius LA230Sehmeasurement range till
230 g, discretion is 0.1 mg and standard deviaidnl mg.

For more convenient process of measurement auxil@mputer
software has been written for mass measurementgUsiis software, mass
comparator can be controlled by computer. Moreotleese programs read
measurement data, perform calculations and anabsisautomatically prepare
results protocol and calibration certificate. NatibMetrology centre of Latvia
uses “Scales Net32” software that is made by Germampany “Héafner
Gewichte GmbH, Maro-Elektronik”.

Chapter 3: WEIGHTING METHODS FOR INTERLABORATORY
COMPARISON

Third chapter describes weighting methods. In paipwing methods
were used in laboratories to determine conditionass of the weight with the
help of non-automatic scales: double weighting mweti{Gauss method),
weighting method with one shoulder (Borda methoaj Mendeleev method
(weighting with constant load on one shoulder).

Lots of attention was paid to weighting methodst tladoratories use
nowadays. There are three different accepted measunt cycle procedures
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that are meant for one comparative measurementhispother procedures and
measurement circles can be used. If measuremeleiscgre dependant on each
other (for example Ay B, Ay, A> B, As) then measurement uncertainty is
determined using covariance constraints. In thecrgg®n of measurement
cycle A denotes measuring reference weight and Botds measuring test
weight. Cycles ABBA and ABA usually are used toilma@te weights of E and
F accuracy class. Circl&B...BA often is used to calibrate weights of M
accuracy class but it is not recommended for ugé weights of E and F
accuracy class. However, in case when comparatbr avitomatic mechanism
for weights shifting is used and measurement isemagrotective camera then
this cycle can also be used for calibrating weigtitg and F accuracy class. To
conduct set weighting method it is recommended 48 ABBA and ABA
measurement cycles. In case if several refereacelatds of mass are used for
comparison then is its possible to conduct measeménaycle with every
reference weight and then compare them to each.othe

In order to compare two weights of E and F accuralass it is
recommended to use ABBA and ABA schemes becawmits compensation
linear drift.

Calculation of conventional mass for weights ofrfl & accuracy class
using cycle ABBA (tt; to15):

I ri1? Itl_l' It2_l’ I r2_ it l r1_n? I tl_n? I t2_n? I r2_n
Al :(Itl_i _Irl_i _Ir2_i +It2_i)/2 (1)
where:i=1, ... ,n

Calculation of conventional mass for weights ofril & accuracy class
using cycle ABA (it;ro):

Irl_l’ Itl_l' l r2_1"""I rl_n,I tl_n'I

Al =1, _(Irl_i +Ir2_i)/2 (2)

where:i=1, ... ,n.

In the description of cycles ABBA and ABA schenmedenotes number
of measurements. Denotatioinare given according to the sequence of weights
placed on the scales platform. Indexesdt denote reference and test weights.
ElementAl; denotes difference between values obtained duriagsarement
sequence.

Time intervals between measurements should be .eldjiiais necessary
to determine sensitivity of the scales used inctidébration process then scheme
ABBA can be changed like this;, I, lms l+mss Where mis a weight that is
used to determine sensitivity of the scales.

r2_n
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Comparison of several test weights of the same malnmass with one
standard weight can be done according to the schaBe.BA (it is
recommended for M accuracy class scales).

If several test weights are calibrated at the same t(k) (k=1...K) and
these weights have equal nominal mass then measaotesycle ABA can be
changed tAA\B;...B.A like this:

Calculation of conventional mass for weights of d¢wracy class using

cycle AB...B/A:

lrl_l' Itl_l' It2_l""’|t(K—l)_l' It(K)_l' | r2_1

|r1_2) |t1_2| It2_2""’|t(K—1)_21 It(K)_2’|r2_2)

lrl_i—l’ Itl_i—l’ |t2_i—1""’|t(K—l)_i—1’ It(K)_i—ll Ir2_i—1l

b bbby leo o Traie

Aligy =l i = 1+ 1 g))/2 @)

wherei=1,...,n

If scales show insignificant drift (less than onard of required
measurement uncertainty) then it is not necessamhange sequence of test
weights in the schemAB;...B,A for repeated measurements. Number of test
weights should not exceed 5. Number ff measurements determined by
requirements of measurement uncertainty, repetiibrweights and results
compatibility.

Using these measurement cycles it is possible teriméne conventional
mass of the weight and to calculate measurememrtaicty.

Measurement uncertainty is the component of measmeresults that
denotes range of values that include true valueasdement uncertainty
includes all errors (both random and systematicors)yr and therefore
measurement uncertainty is the best way to exmessracy and precision of
measurements. But sometimes systematic error isaken into consideration
and only occasional error is observed when -caloigatmeasurement
uncertainty. If only occasional error is used itcakations then measurement
precision is expressed.

See conventional mass measurement uncertaintylatdcuscheme on
Fig. 5.
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